have also reported on the fitness including the fecundity of Gambusia exposed chronically to environmental radiation. Recently, the effect of tritiated water on the germ cells in medaka embryos was studied").
We studied the mortality, fecundity and fertility of medaka given chronic irradiation in their embryonic stages.
MATERIALS AND METHODS
Eggs of the orange-red variety of the medaka, Oryzias latipes, were used. The eggs were irradiated continuously with '"Cs y-rays at various exposure-rates (Table 1 ) from the morula stage to hatching. Water temperature was 25°C and the fry hatched on 10 to 13 days. Culture media for the eggs were renewed each day and the number of dead eggs and hatched fry was recorded. Newly hatched fry were transferred to non-radiation field and kept in plastic vessels containing 3 liters of water at 25°C. Fry were given a powdered fish food (Tetra Min) for 110 days. After this period fish were kept in the vessels containing 50 liters of water under the natural conditions. The number of surviving fish was recorded until 401 days after hatching. For testing the fecundity and fertility of medaka, another series of experi ments was prepared. Eggs of medaka were treated in the manner similar to that mentioned above, except that group of 10 R/day was added.
At one year after hatching (breeding season of the next year) medaka were tested for their fecundity and fertility. Matured medaka laid eggs almost every morning during breeding season. Laying females and males were transferred to the laboratory and acclimatized to 25°C for 1 week. Ten pairs of unirradiated males and irradiated females and 7 pairs of irradiated males and unirradiated females were prepared from each irradiation group. Seventeen pairs of un irradiated males and females served as a control. Each pair was kept in a separate vessel and eggs laid were collected every morning. Six hours later, eggs were examined under the dissecting microscope and separated into the normal which developed to the morula stage and the abnormal which consisted of the eggs containing small sized yolk mass and unfertilized eggs. This observation was performed during the successive 10 days. The normal eggs laid in the first two days of the experiments were kept in a Petri-dish (11 cm in diameter) at 25°C to examine the hatchability.
Culture media were renewed every day and the number of dead eggs and hatched fry was recorded.
RESULTS

Series I Hatchability of the embryos and survival of medaka
The hatchability of embryos of medaka exposed chronically to -Y-rays is shown in Table 1 together with data of acute irradiation taken from previous Series II Fecundity and fertility Table 1 shows also changes in the hatchability of medaka embryos irradiated continuously with y-rays at exposure-rate of 10, 100 and 1000 R/day. Pattern of the survival curves of medaka in Series II was similar to that in Series I as shown in Fig. 1 . The number of survivors in the irradiated and control groups reduced to approximately 35% at 350 days after hatching. Of surviving fish at one year after irradiation, each 10 females and 7 males were taken from irra diated groups and were mated with respective unirradiated partners. The total number of ovipositions and number of oviposition with normal eggs are shown in Table 2 . All pairs in control groups laid normal eggs every morning for 10 days. When irradiated females were mated with unirradiated males, the total number of oviposition was decreased with increasing exposure-rate, but most eggs in each cluster were found to be "normal", in terms of criteria described in Materials and Methods section. When irradiated males were mated with un irradiated females, the total number of oviposition hardly decreased, but the number of oviposition with the normal eggs clearly decreased depending on the exposure-rate. 
DISCUSSION
In medaka embryos irradiated acutely with X-rays, doses yielding 50% hatch ability were 1254 rad for the morula stage and 6080 rad for prehatching em bryos"). However, when medaka embryos were irradiated continuously with y-rays during their embryogenesis, no decrease in hatchability was found even when a total dose of 11000 R was given. Although the radiosensitivity of eggs changes markedly during embryogenesis as reported by Welander18) on embryos of Salmo, a conclusion that the acute irradiation is more effective than the chronic may apply to the embryonic stages. Lowered hatchabilities were found in a part of Series II experiments, because eggs were accidentally affected by fungus infection. High mortality at the first 30 days after hatching was due to the difficulty in rearing small fry (4 mm in total length at hatching). Survival curve of irradiated medaka was almost similar to that of non-irradiated control, that is, no effect on the survival of fish was observed even when a total dose of 11000 R was given throughout embryogenesis.
It has been reported that the number of primordial germ cells in medaka embryos was decreased with increasing dose when the embryos were exposed to their chronic y-rays during embryogenesis10) or acute -1-rays at Matsui's stage 99, 19) Ijiri and Egami9) and have also reported that the gonads in irradiated embryos were able to differentiate into pre-deter mined male and female ones. It is known that the damage of the gonads of the fish was observed when embryos were irradiated continuously with such low dose of y-rays that allowed normal embryogenesis to proceed'). In the present experiments, irradiated embryos differentiated into either male or female and they showed clearly the secondary sexual character.
In Gambusia exposed chronically to environmental radiation, brood size was significantly larger in the irradiated than in the non-irradiated population. However, significantly increased number of dead embryos and abnormalities were observed in the irradiated broods 14). Gambusia of both sexes were irradiated continuously with radiation from contaminated sediments for generation to generation. In guppy given chronic y-irradiation from just after birth, through whole life time, the number of broods and mean actual brood-size of irradiated pairs were decreased with increasing exposure-rate. In the present experiments, fish were irradiated only during their embryonic stages and the irradiated fish were mated with non-irradiated partners. The effect of continuous irradiation on the primordial germ cells, being the most sensitive stage, in each sex was examined separately. Irradiated female medaka laid the smaller cluster of eggs than unirradiated control, reflecting the decrease in the number of primordial germ cells'O, 11). The eggs laid appeared to be normal. However, these "normal" eggs stopped the development at later stages. It is probable that the ova which experienced irradiation at primordial germ cell stage were able to be fertilized with sperm, but unable to develop further to proceed to later stages due to some genetic damages incurred. In the fertility test, on the contrary, the fre quency of oviposition was unchanged but the number of the normal eggs was decreased with increasing exposure-rate. The decrease in the number of normal eggs was due not to badness of egg itself but to low fertility. The normal, fer tilized, eggs were able to develop and hatch. The sperms which experienced irradiation at primordial germ cell stage appeared genetically normal although their number became lower.
From the present experiments, it is concluded (1) that the chronic y-irradi ation with exposure-rate of 1000 R/day does not affect both hatchability of eggs and survival of fish after hatching, (2) that the number of germ cells in adult stage in both sexes decreased in fish irradiated with exposure-rates of 100 and 1000 R/day, and (3) that no genetic damages are found in male germ cells, but ova carry some genetic damages which interfere with complete proceeding of embryogenesis in the next generation.
